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(57) Abstract: A method of inhibiting infection by Flaviviridae viruses including HCV, GBC/HGV, and BVD in addition to VSV 
and any other virus capable of forming a complex with a lipoportein strategies: preventing formation of a complex should one form, 
altering the conforamtion of such a complex to prevent its interacton with the cell receptor, blocking the cell receptor for the complex 
using an antibody to the receptor, blocking binding of the lipoprotein complex to the cell receptor using soluble lipoprotein receptor 
or framents thereof, or downregulating the LDL receptor activity of the cells. 
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Method of Inhibiting Infection by HCV, Other Flaviviridae Viruses, 
and Any Other Virus that Complexes to Low Density Lipoprotein or to 
Very Low Density Lipoprotein in Blood by Preventing Viral Entry into a Cell 

5 Cross-Reference to Related Application 

[0001] This application claims priority to U.S. Provisional Application Serial No. 60/243,594 by 
Agnello et al., filed October 25, 2000, which is hereby incorporated by reference. 

10 Statement Regarding Federally Sponsored Research 

[0002] The research supporting this patent application was funded in part by National Institutes 
of Health Grant 1R21AI40672. 

Background of the Invention 

15 Field of the Invention 

[0003] The invention relates to a method of inhibiting cellular endocytosis of a virus capable of 
forming a complex with a lipoprotein. More specifically, the invention relates to a method of 
inhibiting infection by hepatitis C virus (HCV), by the other Flaviviridae viruses including GB 
virus C/hepatitis G virus (GBC/HGV) and bovine viral diarrhea virus (BVDV), and by vesicular 

20 stomatitis virus (VSV), and by any other virus that can complex to low density lipoprotein (LDL) 
or very low density lipoprotein (VLDL) by preventing entry of such viruses into a cell via the low 
density lipoprotein receptor. 

Description of the Related Art 
25 [0004] Hepatitis C virus (HCV) infection is the most prevalent blood borne infection in the 

Western world and the major cause of chronic hepatitis and hepatocellular carcinoma. As HCV 
is not readily replicated in cell culture systems, the mechanisms of HCV infection and 
proliferation have been difficult to elucidate. 

[0005] An association of HCV infection with mixed cryoglobulinemia has recently been 
30 established. Thus, studies of mixed cryoglobulinemia have provided indirect evidence of the 
mechanism of HCV endocytosis in vivo. Mixed cryoglobulinemia is a systemic vasculitis 
associated with cold-precipitable immunoglobulins in the blood. A strong association of HCV 
infection with mixed cryoglobulins has been established (Monti et al. (1995) Q J. Med. 88, 115- 
26) and the specific concentration of HCV in type II mixed cryoglobulins that consists of 
35 polyclonal IgG and monoclonal IgM has been demonstrated (Agnello et al. (1992) N. Eng. J. 
Med. 327, 1490-5). It was also shown that very low density lipoprotein (VLDL) is selectively 
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associated with HCV in type II cryoglobulins (Agnello, V., (1997) Springer Semin. 
Immunopathol. 19, 1 1 1-129). In studies on the cutaneous vasculitic lesions in type II 
cryoglobulinemia using in situ hybridization (ISH), the HCV RNA virion form (positive strand) 
but not the putative replicative form (negative strand) of the virus was detected in keratinocytes 

5 in the cutaneous vasculitic lesions but not in normal skin of the same patients (Agnello et al. 
(1997) Arthritis Rheum. 40, 2007-15). Furthermore, it was demonstrated that LDL receptors 
were upregulated on keratinocytes in cutaneous vasculitis lesions compared with normal skin 
(Agnello et al. (1997) Arthritis Rheum. 40, 2007-15). It was further demonstrated that anti-6 
lipoprotein precipitates HCV from infected serum (Thomssen et al., (1992) Med. Microbiol. 

10 Immunol. 181, 293-300). 

[0006] The cell receptor for HCV - the putative entry site for HCV into cells — and the 
mechanism for initiation of infection, however, remained elusive. The CD8 1 molecule has been 
proposed as a candidate for the cell receptor ( (1998) Science, 282,938), but the hypothesis 
remains unconfirmed. 

1 5 [0007] The inability to ascertain the mechanism of HCV cell entry, or endocytosis, hindered the 
development of drug therapies aimed at prevention of HCV infection. Heretofore, interferon a 
(IFN) has been the predominant drug used to treat patients with HCV; however, IFN is only 
partially effective. Specifically, IFN has sustained a viral remission rate of 5-40% when used 
alone and up to 60% when used in combination with Ribavirin. While the drugs are believed to 

20 inhibit replication of the virus, the mechanism of action of both drugs has yet to be specifically 
defined. 

[0008] The object of the invention is to identify the mechanism of HCV entry into cells in an 
effort to develop a method of inhibiting cellular endocytosis of the virus, thereby preventing 
infection. 

25 

Brief Summary of the Invention 
[0009] The invention relates to a method of preventing cellular endocytosis of Flaviviridae 
viruses including HCV, GBC/HGV, and BVDV in addition to VSV and any other virus capable 
of forming a complex with a lipoprotein by abrogating endocytosis of those viruses via the LDL 
30 receptor. Specifically the invention pertains to a method of inhibiting infection by a virus 

capable of forming a complex with a lipoprotein by preventing formation of a complex between 
the lipoprotein and virus, dissociating such a complex should one form, altering the conformation 
of such a complex to prevent its interaction with the cell receptor, blocking the cell receptor for 
the complex using an antibody to the receptor, blocking binding of the lipoprotein complex to the 
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cell receptor using soluble lipoprotein receptor or fragments thereof, or downregulating the LDL 
receptor activity of the cells. 

Brief Description of the Drawings 
5 [0010] Fig. 1 demonstrates the specificity of in situ hybridization method for HCV. (A) HEp2 
cells 24 hours after inoculation with HCV. (B) HEp2 cells incubated with respiratory syncytial 
virus. (C) HEp2 cells incubated with adenovirus. Original magnification is 500x. 
[0011] Fig. 2 demonstrates upregulation of the LDL receptor in G4 cells. (A) The LDL receptor 
on up-regulated G4 cells visualized using anti-LDL receptor antibody. (B) Uptake of Dil-LDL 
10 by G4 cells with upregulated LDL receptors. (C) Inhibition of endocytosis of Dil-LDL by G4 
cells. (D) Phase contrast microscopy showing the inhibition of endocytosis of Dil-LDL by G4 
cells. Original magnification is 500x. 

[0012] Fig. 3 demonstrates that HCV is endocytosed via LDL receptors on lymphocytes and 
hepatoma cells and that the amount of endocytosis correlates with the concentration of LDL 

15 receptor in the cell. (A) HCV ISH of HCV-inoculated G4 cells in which the LDL receptor was 
not upregulated. (B) HCV ISH in G4 cells in which the LDL receptor was upregulated. (C) 
HCV-infected G4 cells with up-regulated LDL receptor under higher magnification than shown 
in (B). (D) LDL receptor-upregulated G4 cells pretreated with anti-LDL receptor antibody prior 
to HCV inoculation. (E) Uptake of HCV by HepG2 hepatoma cell line as shown by ISH. (F) 

20 Blocking of the LDL receptor with LDL receptor antibody to prevent endocytosis of HCV. (G) 
Incubation of Daudi cells with HCV-positive serum. (H) Pretreatment of Daudi cells with PAO 
to inhibit endocytosis of HCV. Original magnification for (A), (B), (E) and (F) is 500x; for (C) ? 
(D), (G) and (H) is 1250x. 

[0013] Fig. 4 demonstrates that the LDL receptor but not CD81 mediates endocytosis of HCV. 

25 (A) and (B) Demonstration of the presence of LDL receptors and the CD81 antigen on Daudi 
cells by double immunofluorescence technique. (C)-(F) Demonstration of endocytosis of HCV 
by Daudi cells and inhibition of endocytosis by anti-LDL receptor antibody. (C) Daudi cells not 
exposed to HCV. (D) Daudi cells inoculated with HCV. (E) Anti-LDL receptor pretreatment 
of HCV-inoculated Daudi cells. (F) Anti~CD81 pretreatment of HCV-inoculated Daudi cells. 

30 Original magnification is 500x. 

[0014] Fig. 5 compares the effects of soluble LDL receptor and soluble CD81 on the endocytosis 
of HCV by Daudi cells. (A) Uninoculated control cells. (B) Cells inoculated with HCV. (C) 
Cells treated with soluble LDL receptor prior to inoculation with HCV. (D) Cells treated with 
CD81 prior to inoculation with HCV. 
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binding domain which binds the LDL receptor binding site on VLDL). ISH for HCV RNA: (A) 
Section of liver biopsy of a LDL receptor transgenic mouse pretreated with F(ab) ? 2 fragment of 
anti-LDL receptor antibody prior to inoculation with HCV; (B) Section of liver biopsy of a LDL 
receptor transgenic mouse after inoculation with HCV; (C) Section of liver biopsy of a LDL 
5 receptor transgenic mouse pretreated with the 5 th repeat peptide prior to inoculation with HCV. 
[0021] Fig. 12 demonstrates upregulation of LDL receptors by pretreatment with atorvastatin and 
downregulation by pretreatment with IFN and correlation of endocytosis of HCV with 
modulation of the LDL receptor in LDL receptor transgenic mice inoculated with HCV. (A) 
Liver section of control mouse pretreated with saline and inoculated with HCV. The red 

10 fluorescent staining corresponds to localization of LDL receptor in hepatocytes not treated with 
any drug. (B) Liver section of mouse pretreated with IFN and inoculated with HCV. (C) Liver 
section of mouse pretreated with atorvastatin and then inoculated with HCV. (D) Liver section 
of same mouse as in (A) 5 where the brown intracellular staining corresponds to localization of 
HCV in hepatocytes. (E) Liver section of same mouse as in (B), where no ISH signal is detected. 

15 (F) Liver section of same mouse as in (C) where the more intense brown staining than seen in 
(A) indicates increased endocytosis of HCV by hepatocytes. Original magnification is 500x. 
[0022] Fig. 13 shows elimination of the effect of atorvastatin on endocytosis of HCV by IFN in 
human LDL receptor transgenic mice. (A) Liver section of a control mouse pretreated with 
saline and inoculated with HCV. The red fluorescent stain indicates the activity of the LDL 

20 receptor. (B) Liver section of mouse pretreated with atorvastatin and inoculated with HCV. (C) 
Liver section of mouse pretreated with atorvastatin and IFN and inoculated with HCV. The 
absence of fluorescence compared to that seen in (A) and (B) indicates that the upregulation of 
the LDL receptor manifested in (B) was negated by IFN, confirming that the two drugs have 
opposite effects on the expression of the LDL receptor. (D) Liver section of same mouse as in 

25 (A) where the brown intracellular staining corresponds to localization of HCV in hepatocytes. 
(E) Liver section of same mouse as in (B) where the more intense brown staining than seen in 
(A) indicates increased endocytosis of HCV. (F) Liver section of same mouse as in (C) where 
the lack of an ISH signal indicates lack of endocytosis of HCV, thus confirming the negation of 
the effect of atorvastatin by IFN. 

30 [0023] Fig. 14 compares the effects of IFN (A) and F(ab)' 2 mouse mAb anti-LDL receptor (B) on 
serum HCV and LDL cholesterol concentration on the same chimpanzee. 

Detailed Description of the Invention 
[0024] An object of the invention is to elucidate the mechanism of endocytosis of HCV in an 
effort to identify therapeutic strategies to prevent HCV infection. 
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[0025] The inventor conclusively confirmed that HCV and other members of the Flaviviridae 
virus family are endocytosed by the LDL receptor. Direct evidence supporting this conclusion is 
provided by LDL-receptor inhibition studies using anti-LDL receptor antibody and known 
biochemical inhibitors of LDL endocytosis which prevent endocytosis of HCV. It was further 
5 determined that CD 81 does not mediate entry of HCV into the cell. Furthermore, while the LDL 
receptor is believed to be the main mechanism for cellular entry of HCV, the detection of small 
amounts of HCV in LDL-deficient fibroblasts inoculated with HCV suggests the existence of an 
alternative mechanism of HCV endocytosis. 

[0026] The inventor made the heretofore unknown discovery that endocytosis of HCV via the 
10 LDL receptor requires formation of a complex between the virus and VLDL or LDL but not 
HDL. 

[0027] In addition to the in vitro studies, in vivo studies using novel human LDL receptor 
transgenic mice provide a model for studying the mechanism of endocytosis of HCV in an 
organism and the physiological effects of potential therapeutic agents for preventing HCV. 
15 Specifically endocytosis of HCV via the LDL receptor was demonstrated in vivo and the effects 
of atorvastatin and interferon a have been examined. Interferon has been shown to downregulate 
the LDL receptor and thus decreases the endocytosis of HCV. 

[0028] To determine directly whether interference with LDL receptor mediated endocytosis of 
HCV inhibits infection, studies were performed in the chimpanzee, the only species other than 
20 humans that can be productively infected with HCV. In an HCV-infected chimpanzee, the effect 
of administration of antibody to the LDL receptor on infection was compared to treatment with 
IFN, the current drug used for treatment of HCV infection. 

[0029] The invention will be described in more detail with reference to the examples below 
without being limited in scope thereto. 

25 

Materials and Methods 

[0030] Cyclohexanedione, phenylarsine oxide (PAO), heparin sulfate, and ethylene glycol bis (P- 
aminoethyl ether)-N,N,N\N'-tetraacetic acid (EGTA) were purchased from Sigma (St. Louis, 
MO); l,r-dioctadecyl-3,3,3',3'-tetramethylindocarbocyaiiine iodine (Dil) was purchased from 
30 Molecular Probes (Eugene, OR). Purified IgG2a mouse monoclonal anti-LDL receptor antibody 
(CI clone) was obtained from Oncogene Scientific Products (Cambridge, MA). Anti-bovine 
viral diarrhea virus (BVDV) envelope antibody bovine serum, <x49, was provided by Dr. Marc S. 
Collett (Viro Pharma, Malvern, PA). Mouse monoclonal IgG 2a anti-CD- 16, anti-CD- 19, and 
anti-transferrin (CD71) were purchased from ImmunoTech (Hialeah, FL). Anti-p, was purchased 
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from Jackson Jtaimunoresearch (West Grove, FA). Anti-apolipoprotein (aapo) E and A-I were 
purchased from Cortex (San Leandro, CA); aapoB was purchased from Sigma. Purified mouse 
monoclonal IgG aapo E (1D7), aapo A-I (3G10), and aapo B (4G3) were purchased from the 
University of Ottawa Heart Institute (Ottawa, Ontario, Canada). F(ab') 2 preparations of mouse 
5 IgG were prepared by treating the mouse monoclonal antibodies from 30 minutes to 10 hours 
with 3% pepsin (Sigma), pH 3.5 at 37°C. The F(ab')2 fragments were isolated by column 
chromatography using a HR 10/30 Superose 12 column (Pharmacia, Piscataway, NJ). BVDV- 
free donor calf serum was purchased form Boyt Veterinary Laboratory (Neosho, MO). 
Potassium bromide density gradient ultracentrifugation was used for preparation of VLDL, LDL, 

10 and high density lipoprotein (HDL) from normal sera, and these lipoproteins complexed to HCV 
from infected sera. The VLDL band, d=0.95-1.006 g/ml, the LDL band, d=1.019-1.063 g/ml, 
and the HDL band, d=1.063-1.21 g/ml and HCV free of lipoproteins, d>1.21 g/ml, were isolated 
by aspiration and then dialyzed against Hanks' balanced salt solution (Sigma) containing 0.01% 
ethylenediaminetetraacetic acid (EDTA). Isolated HCV- VLDL was dissociated to HCV and 

15 VLDL by treatment with deoxycholate and fractionated by sucrose density gradient 

ultracentrifugation as previously described (Prince et al. (1996) J. Viral Hepat. 3, 11-17). The 
high density HCV fraction, free of lipoproteins, was further fractionated by column 
chromatography on a lecithin pretreated Superose 6 column (Pharmacia). The peak of HCV 
present in the void volume was contaminated with small amounts of immunoglobulins that were 

20 removed using immobilized rProtein A (Repligen Corp., Needham, MA). Immoblotting (dot 
blots) to detect small amounts of protein was performed as previously described (Agnello et al. 
(1986) J. Exp. Med. 164, 1809-14). Sensitivity of the assay was 100 pg for IgG and IgM and 200 
pg for apolipoproteins B and E. Lipoproteins were quantitated by Lowry assay using commercial 
kits (Sigma). Highly purified VLDL, LDL, and HDL were purchased from Cortex. Labeling of 

25 LDL with Dil was performed as previously described (Arnold et al. (1992) in Lipoprotein 
Analysis: A practical Approach, eds. Converse, C.A., Skinner, E.R. (IRL Press at Oxford 
University Press, Oxford, New York), pp. 145-168). 

[0031] Infected human sera were used as stocks for HCV (3x10 s genomic equivalents per 
milliliter [gE/ml]), GB virus C/hepatitis G virus (GBC/HCV) (2xl0 9 gE/ml), and herpes simplex 
30 virus (HSV). BVDV strains NY-1 and National Animal Disease Laboratory (NADL) and 

vesicular stomatitis virus (VSV), Indiana strain, and respiratory syncytial virus were obtained 
from American Type Culture Collection (ATCC, Rockville, MD). Bovine turbinate (BT) and 
kidney (MDBK) cell lines, HepG2, a hepatoma cell line that is biochemically similar to 
hepatocytes (Knowles et al. (1980) Science 209, 497-499), Daudi, a B cell lymphoblastoid cell 
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line, the Moit-4 1 cell line HBp2 9 a squamous carcinoma cell line, and normal tibroblasts (MKCJ- 
5) were obtained from ATCC. The B lymphocyte lines G4 and El 1 were generated from fusion 
of F3B6 human-mouse heterohybridoma with peripheral B cells from patients with type II 
cryoglobulinemia and rheumatoid arthritis, respectively. Development of the 35G6 peripheral B 

5 cell line, cloned from normal patient, was previously described (Knight et al. (1993) J. Exp. Med. 
178, 1903-191 1). Four LDL receptor negative cell lines, GM00488C, GM02000F, GM00701B, 
and GM3040B, were obtained from the National Institute of General Medical Sciences, Human 
Genetics Mutant Cell Repository, Coriell Institute for Medical Research (Camden, NJ). Cells 
resistant to infection with BVDV (CRIB) were provided by Dr. R.O. Donis (University of 

10 Nebraska, Lincoln, NE). 

[0032] LDL Receptor Assays: Cells were cultured in Roswell Park Memorial Institute (RPMI) 
medium supplemented either with 10% BVDV-free bovine calf serum or with RPMI medium 
supplemented with 10% lipoprotein-deficient BVDV-free medium to upregulate expression of 
the LDL receptor. The cells were then washed twice with phosphate-buffered saline (PBS), pH 

15 7.2. Cytospin preparations were made, fixed with acetone, blocked with 5% normal mouse 
serum, and the LDL receptor visualized by incubating the slides with 5 jag/ml purified IgG 2a 
monoclonal anti-LDL receptor antibody followed by a 1 :50 dilution of fluorescein (FITC)- 
labeled goat anti-mouse [F(ab)' 2 ] second antibody (Jackson Immunoresearch, West Grove, PA). 
The demonstration of LDL receptors on adherent cells, MDBK, CRIB, fibroblasts, HepG2, and 

20 HEp2 was performed in the same manner except monolayers of cells were cultured and fixed on 
slides. 

[0033] Demonstration of endocytosis of Dil-LDL by cells was performed by incubation of 2xl0 5 
cells for 2 hours at 37°C in 5% C0 2 with 20 ja,g/ml Dil-LDL as previously described (Yen et al. 
(1994) J. Immunol. Methods 177, 55-67). The cells were washed twice with cold PBS and fixed 

25 with 1% buffered paraformaldehyde, and cytospin preparations were made for fluorescent 

microscopic studies or cells in suspension were analyzed by flow cytometry. Flow cytometric 
analysis was performed using the Epic XL-MCL cytometer (Coulter Corp., Miami, FL) using a 
575 BP filter. Nonspecific binding of Dil-LDL was determined using Dil-LDL treated with 
cyclohexanedione and was subtracted from the Dil-LDL binding to give specific Dil-LDL 

30 binding to cultured cells. 

[00341 HCV RNA and Endocytosis Assays: HCV RNA was detected by reverse transcriptase- 
polymerase chain reaction (RT-PCR) and in situ hybridization (ISH) assays as previously 
described (Agnello et al. (1998) Hepatology 28, 573-84). Specificity of the ISH method for HCV 
was determined by comparing monolayers of human fibroblasts inoculated with either 3xl0 7 
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gE/ml HCV or dilutions of adenovirus or Rous sarcoma virus (RSV) that produced pathologic 
changes in cells at 24 hours. After incubation for 24 hours at 37°C, the cultures were assayed for 
HCV RNA by ISH. The endocytosis assay for HCV was performed as previously described 
(Agnello et al. (1998) Hepatology 28, 573-84). Five x 10 5 Daudi cells were inoculated with 
5 3xl0 7 gE HCV or GBC/HGV, incubated for 3 hours at 37°C, washed three times, and assayed for 
intracytoplasmic HCV RNA or GBC/HGV RNA by ISH. RT-PCR and ISH assays for 
GBC/HGV RNA were performed as previously described (Liu et al. (1999) J. Virol. Methods 79, 
149-159). The same methodology was also used for studies with HCV-lipoprotein recombinants. 
One hundred micrograms each of normal VLDL, LDL, HDL or cyclohexanedione-treated VLDL 
10 or LDL were incubated with 10 6 gE HCV free of lipoproteins and immunoglobulins for 30 
minutes at 37°C and then added to the Daudi cells. 

[0035] For cytolytic viruses BVDV, NADL, VSV, and HSV, various dilutions of the respective 
viruses were incubated with monolayers of cells at 4°C for 1 hour, washed three times with cold 
PBS, and incubated with fresh medium. Virus dilutions that produced complete cytolysis at 72 
15 hours for BVDV and VSV and 48 hours for HSV were selected. Immuno fluorescent detection of 
intracytoplasmic BVDV was performed on acetone-fixed slides using 1:50 dilutions of anti- 
BVDV serum and FITC -labeled anti-bovine second antibody. The presence of BVDV in cells 
was confirmed by RT-PCR using BVDV specific primers (Pellerin et al. (1994) Virology 203, 
260-8). 

20 [0036] Inhibition Studies: Blocking of LDL receptor with various dilutions of antibodies (anti- 
LDL receptor, 5-20 |ig/ml; control antisera, 5-200 fig/ml) or inhibitors was performed by 
pretreatment of cells with various concentrations of antisera or inhibitor for 15 minutes at 37°C 
and inoculating with virus without washing the cells. Additions of antisera during incubation 
period were made at 45-minute intervals. Treatment of LDL and VLDL with cyclohexanedione 

25 was performed as previously described (Shepherd et al. (1979) J. Lipid Res. 20, 999-1006). In 
experiments with cytopathic virus, cells were pretreated with 50 \ig/m\ of anti-LDL receptor 
antibody for 30 minutes at 4°C before inoculation with virus at 4°C. 

[0037] Inhibition of endocytosis by PAO was assessed by pretreating cells with a range of final 
PAO concentration of 0.1 to 100 jjM as previously described (Kreutz et al. (1996) Virus Res. 42, 
30 137-147), and then endocytosis of LDL or HCV was evaluated by the Dil-LDL assay or by HCV- 
ISH, respectively, as described earlier. 
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Example 1: Endocytosis of HCV via the LDL Receptor 

[0038] It was previously demonstrated that endocytosis of HCV in vitro correlates with the titer 
of HCV in the inoculum. The percentage of cells positive for HCV RNA as determined by ISH 
correlated directly with the number of gE of HCV per cell as determined by RT-PCR (Agnello et 
5 al. (1998) Hepatology 28, 573-84). There also was a crude correlation between intensity of ISH 
staining for HCV RNA and gE HCV per cell by RT-PCR. The specificity of this ISH assay for 
HCV is shown in Fig. 1. The brown staining of HEp2 cells 24 hours after inoculation with HCV 
indicates the presence of positive strand HCV (Fig. 1 A). In contrast, HEp2 cells incubated with 
respiratory syncytial virus or adenovirus (Figs. IB and 1C, respectively) show no staining for 

1 0 HCV using the same ISH. 

[0039] For a further investigation of endocytosis of HCV by cells in vitro, a variety of human 
cell cultures were demonstrated to have LDL receptors with the use of anti-LDL receptor 
antibody or Dil-LDL uptake. These cell lines were then inoculated with a high titer HCV- 
positive human serum. Intracellular HCV RNA was then detected using ISH. To determine 

15 whether endocytosis of HCV correlated with the level of LDL receptor expression on cells, the 
well-known modulatory effect of lipoproteins on the LDL receptor was used to increase the 
number of LDL receptors (upregulate) on cells by culturing in lipoprotein deficient media. 
Relative differences in endocytosis of LDL by various cultured cell lines could be demonstrated 
by the specific uptake of Dil-LDL. The specific Dil-LDL uptake of HepG2 cells as shown in 

20 Table 1 was four times greater than that of the peripheral B cell line, G4, without upregulation. 
Upregulating these B cells produced a LDL uptake equivalent to that of the HepG2 cells without 
upregulation. These results were confirmed by immunofluorescent studies using anti-LDL 
receptor antibody staining and Dil-LDL uptake. Specifically, as shown in Fig. 2A, upregulation 
of the LDL receptor on G4 cells was visualized with the anti-LDL receptor antibody. Fig. 2B 

25 demonstrates the uptake of 5 \ig DiLLDL by the upregulated G4 cells. The uptake of Dil-LDL 
can be completely inhibited by excess unlabeled LDL as shown in Fig. 2C. As demonstrated 
using ISH, upregulation of the LDL receptors of G4 cells resulted in 70-80% of cells staining 
positive for the LDL receptor on HepG2 cells (Fig. 3E) and Daudi cells (Fig. 3G), also known to 
have higher densities of LDL receptor (Yen et al. (1994) J. Immunol. Methods 177, 55-67). 

30 

TABLE 1: Uptake of LDL by Cultured Cells 
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Cell line Culture medium 



Treatment 



G4 Routine * None 

G4 Routine DiLLDL 

G4 Lipoprotein deficientf Dil-LDL 

HepG2 Routine None 

HepG2 Routine Dil-LDL 



PCT/US01/50701 
Mean fluorescence 



0.8 ±0.4 
4 ±2.0 
16±7 
3±1 
16 ±5 



RPMI with 10% fetal bovine serum 

f RPMI with lipoprotein deficient serum 



10 

[0040] The percentage of cells positive for HCV by ISH was shown to correlate with the 
percentage of cells positive for LDL receptor by immunofluorescence using anti-LDL receptor 
antibody or Dil-labeled LDL. Endocytosis of HCV by peripheral B cells that showed 5-30% 
weakly positive cells in routine culture (Fig. 3 A) when upregulated showed a percentage of 
15 positive cells and an intensity of staining (Fig. 3B) comparable to HepG2 cells (Fig. 3E) and 
Daudi cells (Fig. 3G) that were each 70-80% positive. 

[0041] Direct evidence that the LDL-receptor mediated endocytosis of HCV was obtained by 
inhibiting endocytosis with anti-LDL receptor antibody. The endocytosis of HCV could be 
inhibited in a dose-dependent manner by preincubating the cells with anti-LDL receptor 

20 antibody. At sufficient concentrations of anti-LDL receptor antibody, complete inhibition of 
endocytosis of the virus could be demonstrated for both G4 and HepG2 cells. As shown in Fig. 
3D, HCV endocytosis by upregulated G4 cells is inhibited by pretreatment of the cells with anti- 
LDL receptor antibody. Likewise, HCV endocytosis by HepG2 cells is blocked by the anti-LDL 
receptor antibody (Fig. 3F). Similar results were obtained using infected serum or VLDL-HCV 

25 complexes isolated from type II cryoglobulins as the inoculum in these experiments. No 

inhibition was observed with control mouse IgG 2a or antisera to specific cell surface antigens at 
a concentration up to 20 times the lowest inhibiting concentration of anti-LDL receptor: antisera 
to \x heavy chain, CD-I 9, and CD- 16 surface antigens on peripheral B cells and Daudi cells and 
antiserum to transferrin receptor on HepG2 cells did not inhibit the endocytosis of HCV by these 

30 cells. Moreover, treatment of Daudi cells with the endocytosis inhibitor PAO at 2 (iM 
concentration completely inhibited the endocytosis of HCV (Figs. 3G, 3H). 
[0042] The role of the LDL receptor in the endocytosis of HCV was confirmed by demonstrating 
competitive inhibition with LDL and VLDL but not HDL, which is known not to bind to the 
LDL receptor. With use of hepatoma cells (HepG2) or B cells (G4 and El 1), 25-100 jug/ml of 
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LDL or VLDL completely inhibited endocytosis of HCV, whereas concentrations of HDL up to 
200 |ig/ml (a 5-20 and 10-40 fold molar excess over LDL and VLDL, respectively) did not 
inhibit. Treatment of LDL or VLDL with cyclohexanedione which is known to alter a critical 
arginine residue in the LDL receptor binding site of apolipoproteins E and B (Shepherd et al. 
5 (1979) J. Lipid Res. 20, 999-1006), the main apolipoproteins found in VLDL and LDL, 
respectively, eliminated the inhibition by LDL or VLDL. Moreover, 25 units/ml of heparin 
sulfate or 2 pM EGTA inhibited endocytosis of HCV. Both are known inhibitors of LDL 
receptor endocytosis of lipoprotein (Subramanian et al. (1995) J. Lab. Clin. Med. 125, 479-485). 
[0043] hi addition, it was demonstrated that CD81 does not mediate endocytosis of HCV. As 

10 shown in Figs. 4A and 4B, double immunofluorescent microscopy was used to demonstrate the 
presence of LDL receptors and the CD81 antigen on Daudi cells. Daudi cells were prepared on 
positively charged slides by cytocentrifugation, fixed in cold acetone-methanol 1 : 1 for 5 minutes 
at room temperature (RT), air dried, and blocked at RT for 15 minutes with phosphate buffered 
saline (PBS), pH 7.4, containing normal mouse serum and 5% normal rabbit serum (blocking 

15 buffer). The slides were then incubated with 1:50 dilution JS-64 anti-CD81 mouse monoclonal 
antibody (ImmunoTech, Hialeah, FL) and 1:100 dilution biotinylated rabbit anti-anti-LDL 
receptor antibody in blocking buffer (RT) for 30 minutes, washed four times with PBS, then 
incubated with 1:50 dilution of fluorescein isothiocyanine (FITC)-labeled anti-mouse IgG and 
1 :200 dilution of streptavidin-phycoerythrein in blocking buffer (RT) for 30 minutes in the dark. 

20 Negative controls, prepared with the omission of first antibodies, did not show fluorescence, 
indicating the presence of both LDL receptor and CD81 on this cell line. 10 5 Daudi cells then 
were preincubated for 30 minutes at RT with medium alone (Figs. 4C and 4D), with 5 |ng/ml 
anti-LDL receptor antibody (Fig. 4E), or with 6 jxg/ml JS-64 monoclonal anti-CD81 antibody 
(Fig. 4F) in 12x75 culture tubes in a final volume of 900 jxl/tube of RPMI 1640, 10% lipoprotein- 

25 deficient donor calf serum containing 2mM L-glutamine and 25mM HEPES. 100 |il of an HCV 
positive serum (3xl0 7 gE/ml) were added to each of three tubes (Fig. 4D-F). The negative 
control received 100 |il PBS (Fig. 4D). Tubes were further incubated at 37°C for 3 hours in a 
culture incubator, washed three times with PBS, and fixed by adding 0.3 ml of 1% buffered 
formalin (Polysciences Inc., Washington, PA). Cells were processed, and ISH was performed as 

30 previously described. Cells not exposed to HCV were negative (Fig. 4C). HCV endocytosis was 
demonstrated in the cells treated only with HCV positive serum (Fig. 4D). Pretreatment of Daudi 
cells with anti-LDL receptor antibody prior to HCV inoculation inhibited endocytosis of the virus 
(Fig. 4E), while pretreatment with anti-CD81 antibody did not (Fig. 4F). Inhibition can be 
achieved using only appropriate soluble fragments of the soluble LDL receptor. For instance, the 
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following fragments of the 841 amino acid LDL receptor (Fig. 6B) should be effective to inhibit 
endocytosis: amino acids 66-354 of SEQ ID NO:l; amino acids 66-375 of SEQ ID NO:l; amino 
acids 25-354 of SEQ ID NO: 1; amino acids 25-375 of SEQ ID NO: 1; amino acids 1-354 of SEQ 
ID NO: 1; amino acids 1-375 of SEQ ID NO:l; and especially amino acids 193-231 of SEQ ID 
5 NO: 1 , corresponding to the soluble 5 th repeat of the LDL receptor. 

[0044] Moreover, inhibition of endocytosis of HCV by Daudi cells by soluble LDL receptor 
(SEQ ID NO: 1) but not soluble CD81 was demonstrated (Fig. 5). Daudi cells inoculated with 
HCV and incubated at 37°C for 2 hours show brown cytoplasmic staining, indicating the 
presence of the positive strand of HCV (Fig. 5B). Pretreatment with soluble LDL receptor for 30 
10 minutes at 37°C completely inhibits endocytosis of HCV (Fig. 5C), as evidenced by a lack of 
staining comparable to that of uninoculated control cells (Fig. 5A). Pretreatment with soluble 
CD81, however, did not inhibit endocytosis (Fig. 5D). 

[0045] To determine whether lipoproteins were involved in the endocytosis of HCV, inhibition 
studies were performed using various previously characterized antisera to apolipoproteins (aapo 

15 E ID7 (Weisgraber et al. (1983) J. Biol. Chem. 258, 12348-12354), aapo B 4G3 (Pease et.al. 
(1990) J. Biol. Chem. 265, 553-568), and aapo A-I 3G10 (Marcel et al. (1991) J. Biol. Chem. 
266, 3644-3653). F(ab')2 fragments were prepared and were used for all of the studies; inhibitory 
activities of the preparations were tested against Dil- labeled VLDL, LDL, and HDL isolated 
from a normal serum. Optimum F(ab')2 antibody concentrations and conditions for inhibition of 

20 endocytosis were determined. Optimum conditions required addition of F(ab')2 fi s after 
pretreatment during the incubation period, and both aapo E and aapo B were required for 
maximal inhibition of VLDL endocytosis, whereas aapo B was sufficient for maximal inhibition 
of LDL endocytosis. Under these conditions, the maximum inhibition of HCV endocytosis 
achieved was 65%, with the remaining positive cells showing only trace staining. Pretreatment 

25 with aapo A-I gave 10% inhibition, with the remaining positive cells showing no decrease of 
staining compared to the control. The addition of aapo A-I during incubation did not increase 
inhibition. The finding that both aapo E and aapo B were required and that additional F(ab') 2 c s 
during the incubation increased inhibition was most likely due to the complexity of VLDL 
metabolism and dissociation of F(ab')2 c s binding at 37°C. Hence, it could not be determined 

30 whether VLDL alone or both VLDL and LDL mediated endocytosis of HCV. Moreover, because 
complete inhibition could not be achieved, direct endocytosis of HCV by the LDL receptor could 
not be excluded. 

[0046] Endocytosis experiments of isolated HCV-lipoprotein complexes and recombination 
experiments with HCV and lipoproteins provided more definitive data on the role of lipoproteins 

13 
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in endocytosis of HCV via the LDL receptor. Isolation of HCV by dissociation of HCV-VLDL 
complexes was unsuccessful; however, density gradient fractionation of a serum containing a 
high concentration of HCV produced not only HCV lipoproteins fractions but also a high density 
HCV fraction free of lipoprotein. Immunoglobulins contaminating the latter fraction were 
5 removed, providing a "free" HCV fraction for recombinant studies. Comparison of endocytosis 
of the various fractions is shown in Table 2. The HCV-VLDL and HCV-LDL, but not the HCV- 
HDL or high density HCV, fractions were endocytosed. Addition of VLDL or LDL but not 
HDL, isolated from normal serum, to the "free" HCV resulted in restoration of endocytosis. 
Cyclohexanedione treatment of the VLDL or LDL abrogated the rescue. 

10 

TABLE 2: Comparison of Endocytosis of HCV in Lipoprotein Fractions and the High Density 
HCV Fraction 

Endocytosis of 

15 Endocytosis of 5 |xg lxlO 6 gE HCV 

Lipoprotein Dil-labeled fraction from each fraction 

HCV concentration mean fluorescence % cell positive/ 

Fraction (gE/ml) (mg/ml) (log scale) intensity of staining 

VLDL 2.5xl0 6 048 8A9 90%, ++ 

20 LDL 2.9xl0 6 1.47 9.98 75%,+ 

HDL 8.3xl0 6 2.56 1.88 0 

d>1.21 3.9xl0 6 - - 0 

++ Moderately positive 
+ Weakly positive 

25 

[0047] It was further shown that the ligand binding domain of the LDL receptor (Fig. 6A) binds 
LDL by a specific binding site on apo B100 that includes at least one epitope between residues 
2980-3084 or residues 2835-4189 on apo B100 (SEQ. ID. NO: 2). Binding is mediated by at 
least one epitope between residues 193-232 or 66-375 of the LDL receptor molecule (Fig. 6B) 
30 (SEQ ID NO: 1). Binding of VLDL to LDL receptor is mediated by a specific binding site on 
apoE that includes at least one epitope between residues 1-191 and 216-299 on apoE (SEQ ID 
NO:3). Binding to apoE is mediated by the 5 th repeat sequence of the LDL receptor molecule 
(amino acids 193-23 1 of SEQ ID NO:l) (Fig. 6A,B). The 1 st repeat of the ligand binding domain 
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of the LDL receptor is not involved in binding either LDL or VLDL; however, antibody directed 
against at least one epitope in the 1 st repeat inhibits endocytosis of HCV complexed to LDL or 
VLDL. 

[0048] Further studies were performed using the LDL receptor deficient fibroblast cells (Mahley 
5 et al. (1977) J. Biol. Chem. 252, 7279-7287). Inoculation of these cells with HCV showed only 
weak endocytosis that could not be increased with preincubation of cells in lipoprotein deficient 
medium nor inhibited by anti-LDL receptor antibody. Furthermore, this low level endocytosis 
could not be competitively inhibited with excess VLDL. 

10 Example 2: Replication of Endocytosed HCV 

[00491 Replication of HCV has been reported in HepG2 (Subramanian et al. (1995) J. Lab. Clin. 
Med. 125, 479-485) and Daudi (Weisgraber et al. (1983) J. Biol. Chem. 258, 12348-12354) cell 
cultures. Extended cultures of HepG2, Daudi, and G4 cells were tested serially by ISH for 
evidence of replication. In the HepG2 cells, only positive-strand HCV was detected in the cells 

15 up to 1 week, but at 3 weeks, 85% of the cells contained positive-strand HCV and 65% contained 
negative strand HCV. At 4 weeks, the cells were negative for HCV. In Daudi cells, only 
positive strand was detected through day 10, but on days 15 and 20, both positive- and negative- 
strand genome sequences were present in 80% cells. The cells died in the 4 th week of culture. 
Only the positive strand of HCV was detected in G4 cells up to 1 week; the cells died after 1 

20 week. 

Example 3: Endocytosis of Other Flaviviridae Viruses 

[0050] Commercial bovine sera known to be contaminated with the pestivirus, BVDV (Nuttall et 
al. (1977) Nature, 266, 835-837 and Yanagi et al. (1996) J. Infect. Dis. 174, 1324-1327), were 

25 investigated. Human cell lines routinely cultured in media containing bovine serum were found 
to be positive for intracytoplasmic BVDV by immunofluorescence using anti-BVDV-antibody. 
The presence of BVDV was confirmed by RT-PCR using BVDV-specific primers. Negative 
strand BVDV was not detected in cells nonpermissive to infection. BVDV-positive human 
nonpermissive cells became negative over a 4-week culture period in noncontaminated media. 

30 Endocytosis of BVDV by nonpermissive cells could be inhibited completely with anti-LDL 
receptor antibody but not with the control anti-transferrin receptor antibody. 
[0051] With the use of cytopathic NADL strain of BVDV and permissive cells, BT or bovine 
kidney (MDBK) cells, anti-LDL receptor antibody but not control antiserum inhibited the 
cytopathic effect and positive fluorescence at 3 days (Figs. 7A-D). Immunofluorescence using 
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anti-hJ VJD V antibody demonstrated infection of BT cell monolayers by cytopathic BVDV (NADL 
strain) after 72 hours of incubation (Fig. 7 A; same field is shown in Fig. 7B using phase contrast 
microscopy). Preincubation of the BT cell monolayers with anti-LDL receptor antibody 
completely inhibits infection (Fig. 7C; same field shown by phase contrast microscopy in Fig. 
5 7D). Five days after infection, there was complete cytolysis of both the inhibited and control 
cells. Similar studies using VSV and HSV were performed. No inhibition of infection by anti- 
LDL receptor was demonstrated for HSV. Fig. 7E shows MRC-5 fibroblasts inoculated with 
HSV. Widespread cytolysis and destruction of the monolayer were evident after 48 hours in 
comparison to the control MRC-5 cells treated with the anti-LDL receptor antibody but not with 

10 virus (Fig. 71). Pretreatment of the monolayers with anti-LDL receptor antibody did not prevent 
cytolysis and death (Fig. 7F). Fig. 7G shows MRC-5 cells inoculated with VSV, resulting in 
cytopathy and destruction of the monolayer. Pretreatment of the monolayers with anti-LDL 
receptor antibody showed some inhibition of the destruction of the cells (Fig. 7H). 
[0052J Additional evidence for endocytosis of BVDV by LDL receptor was obtained using a cell 

15 line resistant to BVDV, CRIB, that was derived from a permissive bovine kidney cell line 

MDBK. As illustrated in Fig. 8, the CRIB cells that do not permit entry of BVDV (Flores et al. 
(1995) Virology, 208, 565-575) also do not endocytose LDL. Specifically, Fig. 8E demonstrates 
the infection of MDBK cells with the NY-1 noncytopathic strain of BVDV after 72 hours of 
incubation by immunofluorescence using anti-BVDV antibody (same field shown by phase 

20 contrast microscopy in Fig. 8F). In contrast, no BVDV was demonstrated by 

immunofluorescence in the CRIB cell line inoculated with the virus (Fig. 8G; same field shown 
by phase contrast microscopy in Fig. 8H). However, the absence of Dil-LDL staining is a more 
sensitive indication of the absence of LDL receptor and LDL endocytosis because accumulation 
of Dil-LDL occurs from the rapid turnover of LDL by LDL receptor in the course of cholesterol 

25 metabolism. MDBK cells demonstrate an intense uptake of Dil-LDL (Fig. 8 A; same field shown 
using phase contrast microscopy in Fig. 8B). Fig. 8C shows the lack of endocytosis of Dil-LDL 
by CRIB cells (same field shown using phase contrast microscopy in Fig. 8D). 
[0053] A third member of the Flaviviridae family, GB virus C/HGV (GBC/HGV) was reported 
to associate with lipoproteins in the blood (Sato et al. (1996) Biochem. Biophys. Res. Commun., 

30 229, 719-725). Evidence was also obtained for LDL receptor mediated endocytosis of this virus, 
as illustrated in Fig. 9. Specifically, Daudi cells inoculated with GBC/HGV show the presence 
of HGV virion in the cytoplasm using ISH specific for this virus (Fig. 9A). Preincubation of the 
cells with anti-LDL receptor antibody decreased uptake of the virus below the detection limit of 
ISH (Fig. 9B). 
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Example 4: In vivo HCV Endocytosis 

[0054] The LDL receptor controls cholesterol metabolism. Thus, deficiency of the receptor 
caused by genetic abnormalities cause fatal disease as a result of hypercholestemia. As 
5 demonstrated by Examples 1-3, the binding of anti-LDL receptor antibody to the LDL receptor 
inhibits the endocytosis of HCV in cell culture, but it cannot be determined from these in vitro 
studies whether the binding of the antibody to the LDL receptor would cause dire physiological 
consequences in vivo due to hypercholestemia. Also, it cannot be determined if the anti-LDL 
antibody would be effective in blocking endocytosis of HCV in vivo due to large amounts of 

10 lipoproteins in the circulation that would compete with the antibody for binding sites on the 
receptor. The anti-LDL receptor antibodies could not be used as a therapeutic agent for the 
treatment of HCV for the treatment of HCV infection if the antibody itself causes disease. 
[0055] A human LDL receptor transgenic (hLDLR Tg) mouse was developed to delineate the 
mechanism of LDL receptor-mediated endocytosis of HCV in vivo and to provide a model for 

15 feasibility and toxicity studies on anti-LDL antibody administration in vivo. These mice 

overexpress the human LDL receptor on hepatocytes. The complete coding region of the ligand 
binding domain of the human LDL receptor (Fig. 6A,B) under the control of mouse 
metallothionein-I promoter is present in the transgenic mouse. The version of the human LDL 
receptor gene inserted in these mice lacks the sequence from intron 5-7 of the complete gene so 

20 that it can be distinguished from the mouse LDL receptor gene. The hLDLR gene is expressed in 
the presence of cadmium (Cd) or zinc (Zn). Thus, overexpression of the gene results in 
transgenic mice given ZnSQ 4 in their drinking water for 7 days, as evidenced by low levels of 
cholesterol. 

[0056] Endocytosis of HCV via the LDL receptors in the hepatocytes in the liver could be 
25 demonstrated using the transgenic mice (Fig. 10). ISH for HCV RNA performed on a section of 
liver biopsy of a hLDLR Tg mouse taken one hour after inoculation of HCV (3.2xl0 6 gE) 
intraperitoneal^ showed brown cytoplasmic staining, thus indicating the presence of the virion 
form (positive strand) of HCV (Fig. 10A). Pretreatment with 1.9 mg F(ab')2 fragment of anti- 
LDL receptor antibody one hour prior to inoculation with HCV completely inhibits endocytosis 
30 of HCV (Fig. 10B). Pretreatment with 1.9 mg F(ab 5 )2 fragment of mouse IgG2b (Sigma, St. 
Louis, MO) (isotype matched to the mouse anti-LDL receptor antibody) did not inhibit 
endocytosis of the HCV (Fig. 10C). A F(ab') 2 fragment of antibody to LDL receptor was used in 
these mice to eliminate toxicity that may be caused by the Fc portion of the molecule activating 
complement with binding to antigen. There were no untoward effects on the mice from the 
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F(ab') 2 antibody when injected at a dose of 1 mg per gram of liver, and there was a minimal 
elevation of blood cholesterol levels that was transient (Table 3). 

TABLE 3: Cholesterol Levels in hLDLR Tg Mice Inoculated with 2mg F(ab)' 2 anti-LDL 
5 receptor monoclonal antibody 



Cholesterol Level: 


Mouse 


Pretreatment 


1 Hour 


24 Hours 


3 Days 


4 Days 


1 


28 


26 


39 


34 


27 


2 


33 




31 


33 


31 



[0057] Similar inhibition of endocytosis of HCV in hLDLR Tg mice could be obtained using the 
soluble 5 th repeat peptide (Fig. 11). ISH for HCV RNA was used to demonstrate inhibition of 
endocytosis of HCV by hepatocytes of a hLDLR Tg mouse with the 39 amino acid 5 th repeat of 

15 the first domain of the LDL receptor, the ligand binding domain. ISH for HCV RNA performed 
on a section of liver biopsy of a hLDLR Tg mouse taken one hour after inoculation of HCV 
(S.OxlO 6 gE) intraperitoneal^ showed brown cytoplasmic staining, thus indicating the presence 
of the virion form (positive strand) of HCV (Fig. 11B). As demonstrated above, pretreatment 
with 1 .9 mg F(ab)' 2 fragment of anti-LDL receptor antibody one hour prior to inoculation with 

20 HCV completely inhibits endocytosis of HCV (Fig. 1 1A). Likewise, Pretreatment with 1 mg of 
the 5 th repeat peptide one hour prior to inoculation with HCV completely inhibits endocytosis of 
HCV (Fig. 11C). 

Example 5: Effects of IFN and Atorvastatin 

25 [0058] The statin drugs lower blood cholesterol by upregulating the LDL receptor. 

Administration of atorvastatin to a hLDLR Tg mouse prior to inoculation with HCV increases 
LDL receptor activity and endocytosis of the virus (Fig. 12). Specifically, the liver section of a 
Tg mouse pretreated with 0.5 mg atorvastatin and then inoculated with HCV shows upregulation 
of the LDL receptor by fluorescence staining (Fig. 12C; Fig. 12F shows the increased 

30 endocytosis of HCV by hepatocytes of the liver section of the same mouse using ISH for HCV 
RNA). In contrast, absence of fluorescence by a liver section of a Tg mouse pretreated with 0.1 
Mu IFN and then inoculated with HCV indicates downregulation of the LDL receptors (Fig. 
12B; Fig. 12E shows no ISH signal indicating a lack of HCV endocytosis by hepatocytes) 
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compared to the control liver section that was pretreated with saline, inoculated with HCV, and 
sacrificed one hour post-inoculation (Fig. 12 A; the brown intracellular staining demonstrated by 
ISH for HCV RNA in Fig. 12D corresponds to the localization of HCV in hepatocytes). 
Quantitative HCV studies of the liver of the three mice corresponded with the ISH studies in (D), 
5 (E) and (F). The control mouse had 43 HCV gE per mg liver; the IFN pretreated mouse had 9.3 
HCV gE per mg liver; and the atorvastatin pretreated mouse had 163 HCV gE per mg liver. 
Thus, the HCV therapeutic drug IFN downregulates the LDL receptor and decreases endocytosis 
ofHCV. 

[0059] Administration of IFN with atorvastatin negates the upregulation of the LDL receptor and 
10 increased endocytosis by atorvastatin (Fig. 13). As demonstrated above, the liver section of a Tg 
mouse pretreated with 0.5 mg atorvastatin and then inoculated with HCV shows upregulation of 
the LDL receptor by fluorescence staining (Fig. 13B; Fig. 13E shows the increased endocytosis 
of HCV by hepatocytes of the liver section of the same mouse using ISH for HCV RNA) when 
compared to the control mouse pretreated with saline prior to HCV inoculation (Fig. 13 A; Fig. 
15 13D shows the same mouse section using ISH for HCV RNA). In contrast, the liver section of a 
mouse pretreated with both 0.5 mg atorvastatin and 0.5 Mu IFN followed by inoculation with 
HCV demonstrates that the upregulation of the LDL receptors manifested in Fig. 13B was 
negated by IFN (Fig. 13C; Fig. 13F shows that no signal for HCV RNA is detected from the 
same mouse liver section using ISH, indicating lack of endocytosis of HCV). These results 
20 confirm that IFN and atorvastatin have opposite effects on the modulation of the LDL receptor 
and that downregulation of the receptor by a drug can inhibit infection. 

Example 6: Demonstration of Inhibition of Infection in the Chimpanzee 

[0060] The only species other than humans that can be productively infected with HCV is the 

25 chimpanzee. From studies of HCV infected humans, it has been demonstrated that 

administration of IFN results in a rapid drop of blood HCV concentration within 24 hours 
following injection of 10 Mu IFN. Comparison of treatment with 10 Mu IFN or F(ab')2 antibody 
to LDL receptor at 25 mg/kg in the same HCV chimpanzee (studies performed one week apart) 
showed a 50% decline in viremia at 18 hours with IFN (Fig. 14A) compared to an 86% decline at 

30 the same point with antibody to the LDL receptor (Fig. 14B). In both studies there was a slight 
increase in cholesterol that peaked 2 hours post-treatment. Hence, the effect of antibody to LDL 
receptor on infection appears to be greater than the IFN effect. 

[0061] The effect of interferon alpha (IFNa), the current therapy for HCV infection, may be 
mediated in part by the downregulation of LDL receptors. IFNa is known to induce interleukin 1 
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(IL-1) receptor antagonist (IL-1RA) (Tilg et al. (1993) J. Immunol. 150, 4687-4692), which 
blocks the IL-1 receptor-mediated stimulation by IL-1. Because IL-1 is known to increase LDL 
receptor activity (Dinarello (1996) Blood 87, 2095-2147), IFNa would indirectly cause a 
downregulation of LDL receptor activity by stimulating IL-1RA production, thereby decreasing 
5 IL-1 receptor-mediated stimulation by IL-1. Other, more direct effects of IFN on the expression 
of the LDL receptor may also be present. 
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1 . A method of inhibiting infection of a cell by a virus capable of forming a complex 
with a lipoprotein comprising at least one of preventing formation of said lipoprotein complex 

5 and dissociating said virus and lipoprotein. 

2. The method of claim 1 wherein the virus is a Flaviviridae virus or vesicular stomatitis 
virus, or other viruses that complex with LDL or VLDL. 

3. The method of claim 2 wherein the infection of the cell is inhibited by preventing 
formation of said lipoprotein complex. 

10 4. The method of claim 3 wherein the formation of said lipoprotein complex is prevented 

by a ligand or an antibody to a virus binding site of said lipoprotein. 

5. The method of claim 3 wherein the formation of said lipoprotein complex is prevented 
by a ligand or an antibody to a lipoprotein binding site of said virus. 

6. The method of claim 2 wherein the infection of the cell is inhibited by dissociating 
15 said virus and lipoprotein. 

7. A method of inhibiting infection of a cell by a virus capable of forming a complex 
with a lipoprotein comprising introducing lipase to the cell, wherein said lipase is capable of 
inducing a conformational change of a virus-lipoprotein complex. 

8. A method of inhibiting the infection of a cell comprising introducing an effective 
20 amount of an anti-low density lipoprotein (LDL) receptor antibody (anti-LDLR), wherein said 

anti-LDLR binds to at least one epitope included in the ligand binding domain of the LDL 
receptor (amino acids 1-375 of SEQ ID NO:l). 

9. The method of claim 8 wherein said at least one epitope is between amino acids 25-65, 
or 65-374 of SEQ ID NO:l. 

25 10. The method of claim 9 wherein said at least one epitope is in the first repeat of the 

ligand binding domain of the LDL receptor included between amino acids 25-65 of SEQ ID 
NO:l. 

1 1 . A method for inhibiting infection of a cell comprising introducing an effective 
amount of an anti-apolipoprotein(apo)B100 antibody, wherein said anti-apo B100 antibody binds 

30 to at least one epitope included in the LDL-receptor binding domain of apo B100 between amino 
acids 2835 and 4189 of SEQ ID NO:2. 

12. The method of claim 1 1 wherein said at least one epitope is included in the LDL 
receptor binding domain of apo B100 between amino acids 2980-3084 of SEQ ID NO:2. 
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13. A method for inhibiting the infection of a cell comprising introducing an effective 
amount of an anti-apoE antibody, wherein said anti-apoE antibody binds at least one epitope 
included in the LDL receptor binding domain of apo E between amino acids 1-191 or 216-299 of 
SEQIDNO:3. 

5 14. The method of claim 13, wherein said at least one epitope is included in the LDL 

receptor binding domain of apo E between amino acids 139-169 of SEQ ID NO:3. 

15. A method of inhibiting infection of a cell comprising introducing an effective amount 
of a peptide comprising the soluble 5 th repeat of the ligand binding domain of the LDL receptor 
(amino acids 1 93-23 1 of SEQ ID NO: 1), wherein said peptide fragment binds to the receptor 

10 binding domain of at least one of apo B and apo E. 

16. The method according to claim 15, wherein said peptide comprises amino acids 66- 
354 of SEQ ID NO:l. 

17. The method according to claim 15, wherein said peptide comprises amino acids 66- 
375 of SEQ ID NO:l. 

15 18. The method according to claim 15, wherein said peptide comprises amino acids 25- 

354 of SEQ ID NO:l. 

19. The method according to claim 15, wherein said peptide comprises amino acids 25- 
375 of SEQ ID NO:l. 

20. The method according to claim 15, wherein said peptide comprises amino acids 1- 
20 354 of SEQ ID NO: 1. 

21. The method according to claim 15, wherein said peptide comprises amino acids 1- 
375 ofSEQIDNO:l. 

22. The method according to claim 15, wherein said peptide comprises soluble LDL 
receptor (SEQ ID NO: 1). 

25 23. A method of treating infection of an organism comprising administering a 

therapeutically effective amount of at least one of anti-apo E antibody or anti-apo B antibody. 

24. A method of treating infection of an organism comprising administering a 
therapeutically effective amount of a peptide comprising the soluble 5 th repeat of the LDL 
receptor (amino acids 193-231 of SEQ ID NO:l). 
30 25 . The method of treating infection of an organism according to claim 24, wherein said 

peptide comprises amino acids 66-354 of SEQ ID NO:l. 

26. The method of treating infection of an organism according to claim 24, wherein said 
peptide comprises amino acids 66-375 of SEQ ID NO:l. 
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27. The method of treating infection of an organism according to claim 24, wherein said 
peptide comprises amino acids 25-354 of SEQ ID NO:l. 

28. The method of treating infection of an organism according to claim 24, wherein said 
peptide comprises amino acids 25-375 of SEQ ID NO:L 

5 29. The method of treating infection of an organism according to claim 24, wherein said 

peptide comprises amino acids 1-354 of SEQ ID NO:l. 

30. The method of treating infection of an organism according to claim 24, wherein said 
peptide comprises amino acids 1-375 of SEQ ID NO:l. 

3 1 . The method of treating infection of an organism according to claim 24, wherein said 
10 peptide comprises soluble LDL receptor (SEQ ID NO: 1). 

32. A method of preventing infection of an organism by a Flaviviridae virus, vesicular 
stomatitis virus, or other viruses that complex with LDL or VLDL, comprising blocking a 
lipoprotein receptor on cells of said organism. 

33 . The method according to claim 32 wherein an antibody to said lipoprotein receptor is 
1 5 used as a blocking agent. 

34. A method for inhibiting infection in mammals comprising introducing an effective 
amount of anti-LDLR antibody that binds to at least one epitope in the ligand binding domain of 
the LDL receptor (SEQ ID NO: 1). 

35. A method of claim 34, wherein said anti-LDLR antibody binds to at least one epitope 
20 in the first repeat of the ligand binding domain included between amino acids 25-65 of SEQ ID 

NO:l, and wherein said inhibition of infection occurs without harmful effects on cholesterol 
metabolism. 

36. A method of inhibiting infection of a cell comprising downregulating lipoprotein 
receptor activity of said cell. 

25 37. A pharmaceutical composition for treating infection of an organism comprising a 

therapeutically effective amount of a peptide comprising the soluble 5 th repeat of the ligand 
binding domain of the LDL receptor (amino acids 193-231 of SEQ ID NO:l) and a 
phannaceutically acceptable carrier or diluent. 

38. The pharmaceutical composition according to claim 37, wherein said peptide 
30 comprises amino acids 66-354 of SEQ ID NO: 1 . 

39. The pharmaceutical composition according to claim 37, wherein said peptide 
comprises amino acids 66-375 of SEQ ID NO:l. 

40. The pharmaceutical composition according to claim 37, wherein said peptide 
comprises amino acids 25-354 of SEQ ID NO:l. 
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41. The pharmaceutical composition according to claim 37, wherein said peptide 
comprises amino acids 25-375 of SEQ ID NO:l. 

42. The pharmaceutical composition according to claim 37, wherein said peptide 
comprises amino acids 1-354 of SEQ ID NO: 1. 

5 43. The pharmaceutical composition according to claim 37, wherein said peptide 

comprises amino acids 1-375 of SEQ ID NO:l. 

44. The pharmaceutical composition according to claim 37, wherein said peptide 
comprises the soluble LDL receptor (SEQ ID NO:l). 
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LOCUS 

DEFINITION 

ACCESSION 
PID 

VERSION 
DBSOURCE 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 

TITLE 

JOURNAL* 
MEDLINE 
PUBMED 
REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
MEDLINE 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 



JOURNAL 
MEDLINE 
PUBMED 
REFERENCE 
AUTHORS 
TITLE 



NP__000518 860 aa PRI 16-MAY-2000 

low density lipoprotein receptor precursor; LDLR precursor [Homo 
sapiens] . 
NP__000518 
g4504975 

NP__000518. 1 GI : 4504 975 
REFSEQ: accession NM__000527.2 

human . 

Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominldae; Homo. 

1 (residues 1 to 860) 

Yamamoto,T., Davis, C.G., Brown, M.S., Schneider , W . J . , Casey, M.L., 
Goldstein, J . L . and Russell, D.W. 

The human LDL receptor: a cysteine-rich protein with multiple Alu 
sequences in its mRNA 
Cell 39 (1) , 27-38 (1984) 
85024898 
6091915 

2 (residues 
Sudhof , T.C. , 
The LDL receptor gene: 
proteins 

Science 228 (4701), 815-822 
85218750 
2988123 

3 (residues 1 to 860) 
Lehrman, M. A. , Goldstein, J . L . 
Schneider , W. J . 

Internalization-def ective LDL receptors produced by genes with 
nonsense and frameshift mutations that truncate the cytoplasmic 
domain 

Cell 41 (3), 735-743 (1985) 

85228224 

3924410 

4 (residues 1 to 860) 

Soutar,A.K., Knight, B.L. and Patel,D.D. 

Identification of a point mutation- in growth factor repeat C of the 
low density lipoprotein-receptor gene in a patient with homozygous 



1 to 860) 

Goldstein, J. L . , Brown, M.S. and Russell, D.W. 

a mosaic of exons shared with different 

(1985) 



Brown, M.S., Russell, D.W. and 
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FEATURES 

source 



familial hypercholesterolemia that affects ligand binding and 
intracellular movement of receptors 
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 86 (11), 4166-4170 (1989) 
MEDLINE 8 92 64 57 9 
PUBMED 2726768 
REFERENCE 5 (residues 1 to 8 60) 

AUTHORS Fass,D., Blacklow, S . , Kim, P.S. and Berger,J.M. 

TITLE Molecular basis of familial hypercholesterolaemia from structure of 

LDL receptor module 
JOURNAL Nature 388 (6643), 691-693 (1997) 
MEDLINE 97404319 
PUBMED 9262405 

COMMENT REFSEQ: The reference sequence was derived from L00352.1. 

Summary: The low density lipoprotein receptor (LDLR) gene family 
consists of cell surface proteins involved in receptor-mediated 
endocytosis of specific ligands . Low density lipoprotein (LDL) is 
normally bound at the cell membrane and taken into the cell ending 
up in lysosomes where the protein is degraded and the cholesterol 
is made available for repression of microsomal enzyme 
3 -hydroxy- 3 -methyl glut aryl coenzyme A (HMG CoA) reductase, the 
rate-limiting step in cholesterol synthesis. At the same time, a 
reciprocal stimulation of cholesterol ester synthesis takes place. 
Mutations in the LDL receptor (LDLR) gene cause the autosomal 
dominant disorder, familial hypercholesterolemia. 
Location/Qualifiers 
" 1. .8 60 
/organism="Horao sapiens" 
/db_xref="taxon: 9606" 
/ chr omo s ome= "19" 
/map="19pl3.3" 
1. .21 
1. .860 

/product="low density lipoprotein receptor precursor" 
/note— "LDLR precursor" 
22.. 8 60 

/product="low density lipoprotein receptor" 
25. . 65 

/region_name="LDL-A module 1" 
66. . 106 

/region__name="LDL-A module 2" 
107 . . 145 

/region_name="LDL-A module 3" 
146. . 186 

/region_name="LDL-A module 4" 
193. .232 

/region_name="LR5 domain" 

/note="LDL-A module 5; ligand binding repeat 5" 
233. .272 

/region_name="LDL-A module 6" 
273. .313 

/region_name="LDL-A module 7" 
Region ~8~2 3 . .82 8 

/region_name="coated pit clustering domain" 
CDS 1..8 60' 

/gene="LDLR" 

/coded_by="NM_000527 . 2 : 94 . . 267 6" 



sig__peptide 
Protein 



mat_peptide 

Region 

Region 

Region 

Region 

Region 

RegTbn 
Region 



ORIGIN 



1 mgpwgwklrw tvalllaaag tavgdrcern efqcqdgkci sykwvcdgsa ecqdgsdesq 

61 etclsvtcks gdfscggrvn rcipqfwrcd gqvdcdngsd eqgcppktcs qdefrchdgk 

121 cisrqfvcds drdcldgsde ascpvltcgp asfqcnsstc ipqlwacdnd pdcedgsdew 

181 pqrcrglyvf qgdsspcsaf efhclsgeci hsswrcdggp dckdksdeen cavatcrpde 
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241 fqcsdgncih 

301 dcrdwsdepi 

361 pdtcsqlcvn 

421 slipnlrnvv 

4 81 vdwihsniyw 

541 kikkgglngv 

601 dekrlahpfs 

661 prgvnwcert 

721 tqetstvrlk 

781 ekkpssvral 

841 nqdgysypsr 



gsrqcdreyd 
kecgtnecld 
leggykcqce 
aldtevasnr 
tdsvlgtvsv 
diyslvteni 
lavf edkvfw 
tlsnggcqyl 
vsstavrtqh 
sivlpivllv 
qmvsleddva 



ckdmsdevgc 
nnggcshvcn 
egf qldphtk 
iywsdlsqrm 
adtkgvkrkt 
qwpngitldl 
tdiineaif s 
clpapqinph 
tttrpvpdts 
f lclgvf llw 



vnvtlcegpn 
dlkigyeclc 
ackavgsiay 
icstqldrah 
If rengskpr 
lsgrlywvds 
anrltgsdvn 
spkftcacpd 
rlpgatpglt 
knwrlknins 



kf kchsgeci 
pdgf qlvaqr 
If f tnrhevr 
gvssydtvis 
aivvdpvhgf 
klhsissidv 
llaenllspe 
gmllardmrs 
tveivtmshq 
inf dnpvyqk 



tldkvcnmar 
rcedidecqd 
kmtldrseyt 
rdiqapdgla 
mywtdwgtpa 
nggnrktile 
dmvlfhnltq 
clteaeaava 
algdvagrgn 
ttedevhich 
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apo B 10 0 

Top of Form 1 

LOCUS CAA28420 4560 aa PRI 13-JUN-l 

997 

DEFINITION apo-BlOO precursor [Homo sapiens] . 
ACCESSION CAA2 842 0 
PID g28780 

VERSION CAA2 842 0.1 (31:2 8780 

DBSOURCE erribl locus HSAPOB10, accession X04714.1 
KEYWORDS 

SOURCE human. 

ORGANISM Homo sapiens 

Eukaryo.ta; Metazoa; Chordata; Craniata; Vertebrata; Eutele 



ostbtni ; 

REFERENCE 
AUTHORS 
, D . and 

TITLE 

oB-4 8 

JOURNAL 
MEDLINE 

REFERENCE 
AUTHORS 

.L. , 

TITLE 
domain of 

cript 

JOURNAL 
MEDLINE 

COMMENT 

m the 

esidue 

FEATURES 

source 



Protein 



Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
1 (residues 1 to 4560) 

CladaraSjC, Hadzopoulou-Cladaras,M. , Nolte,R.T., Atkinson 



Zannis , V. I . 

The complete sequence and structural analysis of human 
apolipoprotein B-100: relationship between apoB-100 and ap 

forms 

EMBO J. 5 (13), 3495-3507 (1986) 
87161758 

2 (residues 1 to 4560) 

Cladaraa,C, Hadzopoulou-Cladaras ,M . , Avila,R. „ Nussbaum, A 
Nicolosi y R. and Zannis,V,I. 

Complementary DNA derived structure of the amino- terminal 



sig_peptide 
mat__peptide 



human apolipoprotein B and size of its messenger RNA trans 

Biochemistry 25 (19), 5351-5357 (1986) 
87049597 

apoB-100 and apoB-48 have common sequences that extend fro 
amino terminus of apoB-100 to the vicinity of nucleotide r 
6300. 

Location/Qualifiers 
1. .4560 

/organism^ "Homo sapiens 1 ' 
/db_xref ="taxon: 9606" 
1. .4560 

/product ="apo-Bl 0 0 precursor" 
1. .24 
25. .4560 

/product = " apoB -10 0" 
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apo B 10 0 

CDS 1 . . 4560 

/ db_xr e f « « SWI SS - PROT : P 0 4 1 1 4 " 
/coded_by= "X04714 . 1 : 129 .-. 13811" 

ORIGIN 

1 mdpprpalla lpalllllla garaeeemle nvslvcpkda trfkhlrkyt ynyea 

esssg 

61 vpgtadsrsa trinckvele vpqlcsfilk tsgctlkevy gfnpegkall kktkn 

seef a 

121 aamsryelkl aipegkqvfl ypekdeptyi lnikrgiisa llvppeteea kqvlf 

ldtvy 

181 gncstfrftvk trkgnvatei sterdlgqcd rfkpirtgis plalikgmtr plstl 

isssq 

241 scqytldakr khvaeaicke qhlflpfsyk nkygmvaqvt qtlkledtpk insrf 

fgegt 

3 01 kkmglafest kstsppkqae avlktlqelk kltiseqniq ranlfnklvt elrgl 

sdeav 

- 361 tsllpqliev sspitlqalv qcgqpqcstti ilqwlkrvha npllidwty lvali 
pepsa 

421 qqlreifnma rdqrsratly alshavnnyh ktnptgtqel ldianylmeq iqddc 

tgded 

481 ytylilrvig nmgqtmeqlt pelkssilkc vqstkpslmi qkaaiqalrk mepkd 

kdqev 

,541 llqtflddas pgdkrlaayl mlmrspsqad inkivqilpw eqneqvknfv ashia 

nilns 

601 eeldiqdlkk lvkevlkesq Iptvmdfrkf srnyqlyksv slpsldpasa kiegn 

lifdp 

661 nnylpkesml kttltafgfa sadlieigle gkgfeptlea Ifgkqgffpd svnka 

lywvn 

721 gqvpdgvskv Ivdhfgytkd dkheqdmvng imlsveklik dlkskevpea raylr 

ilgee 

781 lgfaslhdlq llgklllmga rtlqgipqmi gevirkgskn dfflhyifme nafel 

ptgag 

841 lqlqisssgv iapgakagvk levanmqael vakpsvsvef vtnmgiiipd farsg 

vqmnt 

901 nffhesglea hvalkagklk fiipspkrpv kllsggntlh Ivsttktevi pplie 

nrqsw 

961 svckqvfpgl nyctsgaysn asstdsasyy pltgdtrlel elrptgeieq ysvsa 

tyelq 

1021 redralvdfcl kfvtqaegak qteatmtfky nrqsmtlsse vqipdfdvdl gtilr 

vndes 

1081 tegktsyrlt ldiqnkkite valmgdlscd tkeerkikgv isiprlqaea rseil 

ahwsp 

1141 aklllqmdss ataygstvsk rvawhydeek iefewntgtn vdtkkmtsnf pvdls 

dypks 

1201 lhmyanrlld hrvpqtdmtf rhvgskliva msswlqkasg slpytqtlqd hlnsl 

kefnl 

1261 qnmglpdfhi penlflksdg rvkytlnkns Ikieiplpfg gkssrdlkml etvrt 

palhf 
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apo B 100 

1321 ksvgfhlpsr efqvptftip klyqlqvpll gvldlstnvy snlynwsasy sggnt 

stdhf 

1381 slraryhmka dswdllsyn vqgsgettyd hkntstlscd gslrhkflds mkfs 

hvekl 

1441 gnnpvskgll ifdassswgp qmsasvhlds kkkqhlfvke vkidgqfrvs sfyak 

gtygl' 

1501 scqrdpntgr lngesnlrfn ssylqgtnqi tgryedgtls Itstsdlqsg iiknt 

aslky 

1561 enyeltlksd tngkyknfat snkmdmtfsk qnallrseyq adyeslrffs Hags 

Inshg 

1621 lelriadilgt dkinsgahka tlrigqdgis tsattnlkcs llvlenelna elgls 

gasrnk 

1681 Ittngrfreh nakfsldgka altelslgsa yqamilgvds knifnfkvsq eglkl 

sndmm 

1741 gsyaernkfdh tnslniagls Idfsskldni yssdkfykqt vnlqlqpysl vttln 

sdlky 

1801 naldltnngk lrleplklhv agnlkgayqn neikhiyais saalsasyka dtvak 

vqgve 

1861 fshrlntdia glasaidmst nynsdslhfs nvfrsvmapf tmtidahtng ngkla 

lwgeh 

1921 tgqlyskfll kaeplaftfs hdykgstshh lvsrksisaa lehkvsallt paeqt 

gtwkl . n n . . , 

1981 ktqfnnneys qdldayntkd kigveltgrt ladltlldsp ikvplllsep mud 

alemr 

2 041 davekpqeft ivafvkydkn qdvhsinlpf fetlqeyfer nrqtiiwle nvqrk 

lkhin 2101 idqfvrkyra algklpqqan dylnsfnwer qvshakeklt altkkyrite ndlqi 
aldda 

2161 kinfneklsq lqtymiqfdq yikdsydlhd Ikiaianiid eiieklksld ehyhi 

rvilv 

2221 ktihdlhlfi enidf nksgs staswiqnvd tkyqiriqiq eklqqlkrhi qnidn. 

qh-lag _ ,■ _ 

2281 klkqhieaid vrvlldqlgt tisferindv lehvkhfvin ligdfevaek inafr 

ak\f Ins 

2341 lieryevdqq iqvlmdklve lahqyklket iqklsnvlqq vkikdyfekl vgfid 

davkk 

2401 lnelsfktfi edvnkfldml ikklksfdyh qfvdetndki revtqrlnge lqale 

lpqka 

2461 ealklfleet katvavyles Iqdtkitlii nwlqealssa slahmkakfr etled 

trdrm , 

2 521 yqmdiqqelq rylslvsqvy stlvtyisdw wtlaaknltd faeqysiqdw akrmk 

alveq 

2581 gftvpeikti lgtmpafevs lqalqkatfq tpdfivpltd lripsvqinf kdlkn 

ikips 

2641 rfstpeftil ntfhipsfti dfvemkvkii rtidqmlnse lqwpvpdiyl rdlkv 

edipl 

2701 aritlpdfrl peiaipefii ptlnlndfqv pdlhipefql phishtievp tfgkl 

ysilk 
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2 761 igsplftlda nadigngtts aneagiaasi takgesklev lnfdfqanaq lsnpk 

inpla " 

2 821 lkesvkfssk ylrtehgsem Iffgnaiegk sntvaslhte kntlelsngv lvkm 

nqltl 

2881 dsntkyfhkl nipkldfssq adlrneiktl Ikaghiawts sgkgswkwac prfsd 

egthe 

2941 sqisftiegp Itsfglsnki nskhlrvnqn lvyesgslnf skleiqsqvd sqhvg 

hsvlt ' ... 

3 001 akgmalfgeg kaeftgrhda hlngkvigtl knslffsaqp feitastnne gnlkv 

rfplr 

3 061 ltgkidflnn yalflspsaq qaswqvsarf nqykynqnfs agnnemmea hvgin 

geanl 

3121 dflnipltip emrlpytiit tpplkdfslw ektglkeflk ttkqsfdlsv kaqyk 

knkhr 

3181 hsitnplavl cefisqsiks fdrhfeknrn naldfvtksy netkikfdky kaeks 

qdelp 

3241 rtfqipgytv pwnvevspf tiemsafgyv fpkavsmpsf silgsdvrvp sytli 

Ipsle 

3301 Ipvlhvprnl klslphfkel ctishifipa tngnitydfsf kssvitlntn aelfn 

qsdiv 

3361 ahllsssssv idalqykleg ttrltrkrgl klatalslsn kfvegshnst vsltt 

knmev 

3421 svakttkaei pilrmnfkqe Ingntkskpt vsssmefkyd fnssmlysta kgavd 

h-klsl 

3481 esltsyfsie sstkgdvkgs vlsreysgti aseantylns kstrssvklq gtski 
ddiwn . 

3541 levkenfage atlqriyslw ehstknhlql eglfftngeh tskatlelsp wqmsa 

Ivqvh. 

3 601 asqpssfhdf pdlgqevaln antknqkirw knevrihsgs fqsqvelsnd qekah 

ldiag 

3 661 sleghlrflk niilpvydks lwdflkldvt tsigrrqhlr vstafvytkn pngys 

fBiPV 3721 kvladkfitp glklndlnsv Ivmptfhvpf tdlqvpsckl dfreiqiykk lrtss 

falnl , 

3 781 ptlpevkfpe vdvltkysqp edslipffei tvpesqltvs rftlpksvsd giaal 

dlnav 

3 841 ankiadfelp tiivpeqtie ipsikfsvpa givipsfqal tarfevdspv ynatw 

saslk 

3901 nkadyvetvl dstcsstvqf leyelnvlgt hkiedgtlas ktkgtlahrd fsaey 

eed9k 3961 feglqewegk ahlnikspaf tdlhlryqkd kkgistsaas pavgtvgmdm deddd 
f skwn 

4021 fyyspqsspd kkltifktel rvresdeetq ikvnweeeaa sglltslkdn vpkat 

gvlyd 

4081 yvnkyhweht gltlrevssk Irrnlqnnae wyqgairqi ddidvrfqka asgtt 

gtyqe 

4141 wkdkaqnlyq elltqegqas fqglkdnvfd glvrvtqkfh mkvkhlidsl idfln 

fprf q 
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4201 fpgkpgiytr eelctmfire vgtvlsqvys kvhngseilf syfqdlvitl pfelr 

khkli 

4261 dvismyrell kdlskeaqev fkaiqslktt evlrnlqdll qfifqliedn ikqlk 

emkft 

4321 ylinyiqdei ntifndyipy vfkllkenlc Inlhkfnefi qnelqeasqe lqqih 

qyima 

4381 lreeyfdpsi vgwtvkyyel eekivslikn llvalkdfhs eyivsasnft sqlss 

qyeqf 

4441 lhrniqeyls iltdpdgkgk ekiaelsata qeiiksqaia tkkiisdyhq qfryk 

lqdfs 

4501 dqlsdyyekf iaeskrlidl siqnyhtfli yitellkklq sttvmnpymk lapge 

ltiil 

4561 

// 
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LOCUS 

001 

DEFINITION 

ACCESSION 

PID 

VERSION 
DBSOURCE 
KEYWORDS 
SOURCE 

ORGANISM 

ostomi ; 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 

source 



1 

XP 



044325 



317 aa 



PRI 



27-AUG-2 



apolipoprotein E [Homo sapiens] 

XP_044325 

gl4755854 

XP_044325 .1 GI : 14755854 
REFSEQ: accession XMJD44325.1 



human „ 

Homo sapiens 
Eukaryota; Metazoa; 



Chordata; Craniata; Vertebrata; Eutele 
Catarrhini; Hominidae; Homo. 



Mammalia; Eutheria; Primates; 
1 (residues 1 to 317) 
NCBI Annotation Project. 
Direct Submission 

Submitted (23 -AUG-2 001) National Center for Biotechnology 
Information, NIH, Bethesda, MD 20894, USA 
Location/Qualifiers 
1. .317 

/organism="Homo sapiens" 
/db_xref = !I taxon: 9606" 
/ chromosome- 11 19 " 
Protein 1 . . 317 

/products 11 apolipoprotein E" 

Region 2 . .2 84 

/region_name== "Apolipoprotein A1/A4/E family" 

/db__xref=" CDD : p f amO 1442" 

/note= "Apolipoprotein" 
variation 4 6 

/allele="P" 

/allele="L" 

/db_xref =" dbSNP : 769452 " 
variation 13 0 

/allele="R" 
/allele="C" 

/ db_xr e f = » db SNP : 4 2 9 3 5 8 " 
variation 163 

/allele="R" 
/a.llele="C» 

/ db_xr e f = " dbSNP : 7 6 9 4 5 5 " 
variation 176 

/allele="R" 

/allele=«C" 

/db_xref = " dbSNP : 7412 » 
CDS 1. .317 

/gene- "APOE " 
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/codedjDy= n XM_04432 5 . 1 : 59 . . 1012 » 

ORIGIN 

1 mkvlwaallv tflagcqakv eqavetepep elrqqtewqs gqrwelalgr fwdyl 

rwvqt 

61 Iseqvqeell ssqvtqelra lmdetmkelk aykseleeql tpvaeetrar lskel 

qaaqa 

121 rlgadmedvc grlvqyrgev qamlgqstee lrvrlashlr klrkrllrda ddlqk 

rlavy 

181 qagaregaer glsairerlg plveqgrvxa atvgslagqp lqeraqawge rlrar 

meemg 

241 srtrdrldev keqvaevrak leeqaqqirl qaeafqarlk swfeplvedm qrqwa 

glvek 

3 01 vqaavgtsaa pvpsdnh 

// 
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